A new technique ͓mass-analyzed threshold ionization ͑MATI͒-photodissociation yield spectroscopy͔ to probe bound excited states of a cation was developed, which measures photodissociation yield of the cation generated by mass-analyzed threshold ionization. A vibrational spectrum of vinyl bromide cation in the B state was obtained using this technique. Optical resolution in the low vibrational energy range of the spectrum was far better than in conventional MATI spectra. The origin of the B state was found at 2.2578± 0.0003 eV above the first ionization onset. Almost complete vibrational assignment was possible for peaks appearing in the spectrum. Analysis of time-of-flight profiles of C 2 H 3 + product ion obtained with different laser polarization angles suggested that photoexcited vinyl bromide cation remained in the B state for several hundred picoseconds prior to internal conversion to the ground state and dissociation therein.
I. INTRODUCTION
Photoelectron spectroscopy ͑PES͒ is a useful technique to investigate the electronic states of a gas phase cation generated by elimination of an electron from an occupied orbital or hole states. 1, 2 Even though PES can be performed for any gas phase molecule, it does not allow high resolution study except for very simple molecules. With zero kinetic energy ͑ZEKE͒ photoelectron spectroscopy, [3] [4] [5] [6] high resolution can be achieved. Here a neutral is excited to a Rydberg state lying very close to its ionization limit and then ionized by electric field pulse. When ions, rather than electrons in ZEKE, are detected, the technique is called mass-analyzed threshold ionization ͑MATI͒ spectroscopy. [7] [8] [9] [10] Mass selectivity is the main advantage of MATI. However, its resolution is not as good as that of ZEKE.
Since ionization energies of most organic molecules lie in the range of 8 -10 eV ͑125-155 nm͒, two-photon scheme was widely used in early days of the ZEKE/MATI study. [11] [12] [13] [14] One advantage of the two-photon scheme is that the intermediate neutral state information can be utilized for identification of the final cation state. Since the lower wavelength limit of a commercial dye laser is around 210 nm, early ZEKE/MATI studies were done mostly for molecules with an ultraviolet ͑UV͒ chromophore, even though variations of the scheme such as 2 + 1 three-photon absorption could handle molecules without an UV chromophore. 15, 16 Such a difficulty and some complications in multiphoton schemes can be avoided with one-photon scheme utilizing coherent vacuum ultraviolet ͑vuv͒ radiation generated by four-wave mixing. 17 , 18 Hepburn performed ZEKE of simple molecules such as O 2 using vuv generated by four-wave sum frequency mixing in Kr, 19, 20 while difference mixing in Kr was used to study various organic molecules in this laboratory. 8, 21, 22 A light source based on four-wave sum frequency mixing in Hg which generates vuv down to 103 nm ͑12.0 eV͒ is also used in this laboratory for MATI study of low-lying excited electronic states of aliphatic halides. 23, 24 vuv from synchrotron radiation source has also been utilized for one-photon ZEKE/MATI. 17, 25 Availability of vuv with continuously variable wavelength is its advantage even though monochromaticity of the light is not as good as for the laser-based sources.
Two techniques can be used for the spectroscopic study of an excited electronic state of a cation lying at 12 eV or higher from the neutral ground state. One is to further excite a neutral in a high Rydberg state by photoabsorption and observe autoionization, which is called photoinduced Rydberg ionization ͑PIRI͒. 26, 27 Even though PIRI was found useful to generate excited state spectra for some molecular cations, quality of the spectra thus obtained was rather poor and the technique did not seem to be generally applicable for excited state spectroscopy. Among the traditional spectroscopic techniques, the fluorescence excitation spectroscopy would be most appropriate for the excited state study. This technique cannot be used when fluorescence is quenched due to rapid intramolecular processes. 28, 29 Occurrence of rapid internal conversion in polyatomic molecular cations is generally postulated, which is one of the main hypotheses in theory of mass spectra. 30, 31 By photoexcitation of a molecular cation generated in its ground electronic state by MATI, an excited electronic state of the cation can be accessed. When this excited state is repulsive, dissociation occurring in this state can be studied. Previously, we used this technique to induce stereospecific dissociation for various isomers and conformers of iodopropane and iodobutane. 32, 33 If the excited state accessed by photoexcitation is a bound state, it may undergo rapid internal conversion to the ground state. Then, dissociation may occur in the ground state if its energy is higher than a dissociation threshold.
Previously, we investigated the X and Ã states of vinyl bromide cation by one-photon MATI. 23, 35 Interest in this system arose from the fact that the Ã state was long lived according to our previous charge exchange study. 36 A high resolution vibrational spectrum of the cation in the Ã state was obtained. 23 Vinyl bromide cation in the B state is another interesting system. It may undergo radiative decay to the ground state, internal conversion to the Ã state, and internal conversion to the ground state followed by dissociation. The B state, however, cannot be accessed by onephoton MATI using vuv generated by four-wave mixing in Hg. Hence we attempted to study dissociation dynamics starting from this state by photoexciting the ground state cation generated by MATI. To our surprise, the method produced a high resolution vibrational spectrum in the B state when the product ion signal was measured as a function of the excitation wavelength, which will be called a photodissociation yield ͑MATI-PDY͒ spectrum. Its vibrational assignment and decay dynamics from the B state studied by photodissociation are reported in this paper.
II. EXPERIMENT
C 2 H 3 Br was purchased from Sigma Aldrich ͑St. Louis, MO, USA͒ and used without further purification. The MATI spectrometer and the experimental procedure were essentially the same as reported previously. [32] [33] [34] [35] The gaseous sample at ambient temperature was seeded in Ar at the stagnation pressure of 2 atm and expanded supersonically through a pulsed nozzle ͑500 m diameter, General Valve, Fairfield, NJ, USA͒. The supersonic beam was then introduced to the ionization chamber through a skimmer ͑2 mm diameter, Beam Dynamics, San Carlos, CA, USA͒ and collinearly overlapped with the pulsed vuv radiation generated by four-wave difference frequency mixing in Kr. Weak spoil field was applied to remove the directly produced ions. Electric field pulse of 250-300 V / cm was applied at some delay time ͑15-20 s͒ after the vuv pulse to ionize the highly excited neutrals ͓pulsed-field ionization ͑PFI͔͒. Scrambling field was applied to lengthen the lifetime of the excited neutrals. The vuv wavelength was set at 126.29 nm to generate C 2 H 3 Br + in the ground vibronic state. For photodissociation ͑PD͒ experiment, a dye laser output in the 487-558 nm range was irradiated in the direction perpendicular both to the molecular beam and to the ion flight path at around 100 ns after PFI. Ions were accelerated, flown through the field-free region, and detected. To avoid complications that may arise from multiphoton absorption, efforts were made to perform all the PD experiments under the one-photon absorption condition. For this purpose, the product ion signal was measured as a function of PD laser power and a laser power well within the linear region with the slope of 1 in the log-log plot was chosen. MATI-PDY spectrum was recorded by measuring the product ion signal as a function of the PD laser wavelength and then calibrated for the laser power. For dynamics study, time-of-flight ͑TOF͒ profiles of the product ion signal were measured at 0°, 35°, 55°, and 90°laser polarization angles with respect to the time-of-flight axis. Rochon polarizer/half-wave plate combinations were used to change the PD laser polarization angle.
III. COMPUTATION
Quantum chemical calculations were done for vinyl bromide cation in the B state at the time-dependent density functional theory ͑TDDFT͒, complete active space selfconsistent-field ͑CASSCF͒, and configuration-interaction singles ͑CIS͒ levels using GAUSSIAN 98. 37 Basis set dependence became insignificant with 6-311+ G͑df , p͒. Equilibrium geometry, Hessians, and vibrational frequencies were calculated for the cation in this state. Similar calculations were done for the ground state cation at the DFT level using the same basis set. Using the equilibrium geometries, vibrational frequencies, and eigenvectors for the cation in X and B obtained by calculations, Franck-Condon factors for the vibronic transitions between these two states were calculated. The method to calculate Franck-Condon factors was described in detail previously and will not be repeated here. 32 Internal coordinates used in the calculation of these factors were five interatomic distances ͓r͑C 1 C 2 ͒, r͑C 1 H 1 ͒, r͑C 1 H 2 ͒, r͑C 2 H 3 ͒, and r͑C 2 Br͔͒, four bond angles ͑ЄH 1 C 1 H 2 , ЄH 1 C 1 C 2 , ЄC 1 C 2 H 3 , and ЄC 1 C 2 Br͒, and three dihedral angles ͑ЄH 1 C 1 C 2 H 2 , ЄH 1 C 1 C 2 H 3 , and ЄH 1 C 1 C 2 Br͒. Atomic numbering used is shown in Fig. 1͑a͒ . was the only product ion. The MATI-PDY spectrum recorded by scanning the PD laser wavelength and monitoring C 2 H 3 + is shown in Fig. 2 . The spectrum became almost structureless at wavelength shorter than 487 nm and is not shown.
IV. RESULTS AND DISCUSSION

A. Computational results
Identification of the excited electronic state
In the photoelectron spectrum of C 2 H 3 Br reported by Hoxha et al., 39 four bands are present in the low energy region relevant to the present study. These were assigned to X 2 AЉ, Ã 2 AЈ, B 2 AЉ, and C 2 AЈ electronic states of the cation formed by removal of an electron from ͑C v C͒, n͑Br ʈ ͒, n͑Br Ќ ͒, and ͑C-Br͒ orbitals, respectively. As summarized in Table I , the vertical energies from X to Ã , B , and C measured by PES are 1.095, 2.47, and 3.15 eV, respectively. Adiabatic energies determined by MATI ͑Refs. 23 and 35͒ and by present MATI-PDY ͑to be explained later͒ are shown inside the parentheses. Vertical energies calculated at the TDDFT/ B3LYP/ 6-311+ G͑df , p͒ level are shown in Table I also, which are in decent agreement with the experimental results. Excited electronic states other than those appearing in PES may be present also, namely, those arising from elevation of an electron from occupied to unoccupied molecular orbitals ͑UMO͒, which will be loosely called UMO states. To see if the transition to an UMO state participated in the photoexcitation at 487-558 nm ͑2.222-2.546 eV͒, these states were searched by single-point quantum chemical calculations. The lowest energy UMO state was found at 5.27 eV above the ground state, which arose by elevation of an electron in the ͑C v C͒ orbital to the unoccupied * ͑C v C͒ orbital. Since this energy was much larger than the photon energy used in this work, transitions to UMO states were ignored. Transitions to quartet states were also ignored for the same reason.
The oscillator strengths, the angles ͑͒ between the transition moment and the C-Br bond axis, and the anisotropy parameters ͑␤͒ calculated for transitions from X to Ã , B , and C are listed in Table I also. Ã ← X transition can be ruled out because the calculated oscillator strength is very small in agreement with our previous finding that Ã is a long-lived state. 23, 36 Since the calculated oscillator strength for B ← X transition is large and the photon energy used is compatible with the experimental transition energy, its involvement in the present PD is highly likely. Participation of the C state can be ruled out based on the unfavorable vertical energy and oscillator strength data. It will be shown later that Ã ← X and C ← X transitions are not compatible with the experimental dynamics data either.
The B state must be a bound state because discrete peaks appear in the MATI-PDY spectrum. Even though C 2 H 3 Br + in B accessed by photoexcitation may undergo rapid internal conversion to Ã , subsequent internal conversion from Ã to X is unlikely because Ã is a long-lived state. Dissociation of C 2 H 3 Br + in Ã by reaction ͑1͒ is unlikely either because its threshold would be higher than 2.081 eV in the ground state We estimated the rate constant for reaction ͑1͒ occurring in X using the quantum mechanical Rice-Ramsperger-KasselMarcus ͑RRKM͒ theory. 40, 41 The experimental critical energy of 2.081 eV was used and the 1000 K entropy of activation of 7.0 eu ͑1 eu= 4.184 J mol −1 K −1 ͒ was taken to mimic a simple bond cleavage. The rate-energy relation thus obtained is shown in Fig. 3 . The estimated rate constant of 1.3ϫ 10 7 s −1 at the threshold ͑2.081 eV͒ is larger than the experimental lower limit. To see if a threshold rate constant smaller than the experimental lower limit can arise with a tighter transition state geometry than modeled, calculation was done with 3.0 eu activation entropy which is unreasonably low for a simple bond cleavage. Then, the threshold rate constant became 4.2ϫ 10 6 s −1 , still fast enough to generate C 2 H 3 + within the experimental time scale.
Molecular structure and vibrational frequencies in the B state
Quantum chemical calculations at the DFT and TDDFT/ B3LYP levels reported previously showed that C 2 H 3 Br + in X and Ã had planar symmetry, namely, C s . 23, 35 When the same symmetry was assumed in the TDDFT/B3LYP calculation for B , an imaginary frequency appeared. The equilibrium geometry could be optimized when the symmetry constraint was removed. The same was the case for the calculations at the CASSCF and CIS levels. The equilibrium geometry thus obtained deviated from the planar symmetry by around 34°i n dihedral angle and was lower in energy than the planar transition structure by 1200 cm −1 . The equilibrium geometry of C 2 H 3 Br + in B calculated at the TDDFT/ B3LYP/ 6-311 +G͑df , p͒ level is summarized in Table II together with that of X . The Neumann projection of the equilibrium geometry in B is shown in Fig. 1͑b͒ .
Changes in the calculated geometries upon B ← X transition are shown inside the parentheses in Table II . It is to be recalled that X and B are formed by removal of an electron from ͑C v C͒ and n͑Br Ќ ͒, respectively. Also to be mentioned is that the n͑Br Ќ ͒ orbital has considerable electron density around the C-Br bond. Hence, elevation of an electron from this orbital to ͑C v C͒ would weaken the C-Br bond, in agreement with the increase in the calculated C-Br bond length by 0.358 Å. Decrease in the electron density between C and Br atoms indirectly affects bond angles and dihedral angles also. For example, ЄC 1 C 2 H 3 bond angle increases by 15.3°and ЄH 1 C 1 C 2 H 3 dihedral angle changes by 33.5°. We do not have an explanation for breaking of the planar symmetry, however. Since the geometry change accompanying B ← X transition is significant, we expect to observe extensive vibrational progressions in the MATI-PDY spectrum.
The vibrational frequencies of C 2 H 3 Br + in B were calculated at the TDDFT/ B3LYP/ 6-311+ G͑df , p͒ level also. Since the point group changes from C s to C l upon B ← X transition, designations for vibrational modes in the Mulliken notation will change also. Regardless of this, we will use the same mode numbering for a vibration in X and B as far as its characters in the two states are similar. These are listed in Table III together with the experimental data for X and Ã reported previously. 23, 35 
B. MATI-PDY spectrum and adiabatic excitation energy
Results presented so far suggest that the spectrum in Fig.  2 corresponds to the absorption spectrum to B starting from the zero-point level of X . Identifying the lowest energy peak at 18210.5± 2.5 cm −1 in this spectrum as the 0-0 band, the adiabatic excitation energy to B becomes 2.2578± 0.0003 eV. This is compatible with the vertical energy difference of 2.47 eV measured by PES. 39 The vibrational energy scale with the origin at the 0-0 band position is also shown in Fig. 2 . The vibrational frequencies for the peaks in the MATI-PDY spectrum are listed in Table III. The full width at half maximum ͑FWHM͒ of each peak in the MATI-PDY spectrum increases slowly but steadily with the excitation energy. For example, FWHMs of the 0-0 band and the peak at the vibrational energy of 2073 cm −1 are 2.2 and 17 cm −1 , respectively. More interesting is the fact that FWHM of 2.2 cm −1 for the 0-0 band is smaller than 20 cm −1 typically observed in the MATI spectra reported by this laboratory. [21] [22] [23] [24] 35 An explanation is as follows. The resolution in ZEKE/MATI is mostly determined by the energy spread of Rydberg states contributing to electrons and ions upon PFI. 3, 4 Since higher spoil and PFI fields are used in MATI than in ZEKE, lower-lying Rydberg states with larger energy spread tend to contribute to MATI, resulting in poorer resolution than in ZEKE. Even though the width of the 0-0 band in MATI is as large as 20 cm −1 , a single vibrational state is formed, namely, the zero-point state. Hence, the poor resolution in MATI used to generate the initial state for photoexcitation does not affect the resolution in MATI-PDY. Then, the resolution in MATI-PDY would be determined by usual broadening mechanisms affecting the resolution in an absorption spectrum. Of these, Doppler and pressure broadenings are probably not important because the experiment was done under the beam condition. Power broadening is probably not important either because care was taken to use as little PD laser power as possible to avoid multiphoton processes. Then, FWHM of a peak in MATI-PDY will be mostly affected by the lifetime broadening associated with internal conversion and/or dissociation and by the rotational structure. Upon magnification, the 0-0 band, and other low energy peaks also, displays asymmetric peak profile shown as an inset in Fig. 2 , indicating that the rotational structure is mainly responsible for the peak width. We did not attempt to resolve rotational lines in the 0-0 band by using a single mode laser because the rotational constant for C 2 H 3 Br + was expected to be too small ͑around 0.13 cm −1 ͒ for such an attempt. We would like to emphasize, however, that it may be possible to obtain rotationally resolved vibrational spectra for bound excited electronic states of some small molecular cations by MATI-PDY when widths of rotational line are smaller than their spacings. The lifetime broadening of the excited state will be discussed later. have comparable intensities. In fact, none of the peaks at frequency below 1000 cm −1 completely dominates the spectrum to warrant its assignment to 8
C. Vibrational assignment
1 . Failure to qualitatively predict the experimental spectrum simply means that the TDDFT/B3LYP results are not accurate enough especially for the modes related to significant geometry difference between X and B . We could not utilize the isotope shifts due to 79 Br and 81 Br as aids for vibrational assignment either because the same product ion, C 2 H 3 + , was detected regardless of the bromine isotope in the precursor ion.
Even though there are so many peaks in the MATI-PDY spectrum, most of these are due to overtones and combinations, as expected from significant geometry difference between X and B . In fact, most of the intense peaks in the spectrum can be assigned to overtones and combinations of the vibrations whose fundamentals appear at 292 and 413 cm −1 . The peaks which cannot be assigned to one of these may be the fundamentals of other vibrations or overtones and combinations involving such vibrations. By trial and error, we could identify six prominent peaks as fundamentals, namely, those at 292, 413, 557, 994, 1306, and 1427 cm −1 . Even though assignments for the first two peaks are uncertain, it seems to be reasonable to assign the remaining four to 12 1 , 6 1 , 5 1 , and 4 1 , respectively, by referring to their frequencies in the MATI spectra for X and Ã ͑Refs. 23 and 35͒ and the calculated results. For the reason to be explained later, the peaks at 292 and 413 cm −1 will be assigned to 9 1 and 8 1 , respectively. Other prominent peaks can be assigned as overtones and combinations involving the above six vibrations. Namely, the group of peaks at ͑292, 583, 873, 1163, 1452, 1738, 2018, 2286͒ in cm −1 belong to 9 n series ͑n =1-8͒, ͑413, 813, 1193͒ to 8 n ͑n =1-3͒, ͑985, 1269, 1549, 1829, 2106͒ to 8 1 9 n , ͑813, 1094, 1370, 1628, 1888, 2147͒ to 8 2 9 n ͑n =0-5͒, ͑843, 1130, 1420, 1701, 1985, 2258͒ to 12 1 9 n ͑n =1-6͒, and ͑994, 1281, 1565, 1846, 2123͒ to 6 1 9 n ͑n =0-4͒. The spectral region above 1500 cm −1 appears heavily congested with peaks because the number of possible combinations increases rapidly with the internal energy. Regardless of this, almost all the peaks up to 2300 cm −1 could be assigned adequately. The results are listed in Table III . After assigning overtones and combinations involving the above six vibrations, three very weak peaks at 644, 854, and 1014 cm −1 could be seen. They may be assigned to the fundamentals 7 1 , 11 1 , and 10 1 , respectively. Intensities of two out-of-plane fundamentals 10 1 and 11 1 were much weaker than theoretically predicted, while that of 12 1 was much stronger.
As a part of our effort to properly assign the two prominent peaks at 292 and 413 cm −1 , we evaluated the anharmonicity constants for the series I= ͑292, 583, 873, 1163, 1452, 1738, 2018, 2286͒ and II= ͑413, 813, 1193͒, which were assumed to be 9 n and 8 n overtones, respectively, in the above assignment. For the overtones of ith mode, the frequency difference between adjacent peaks is expressed as follows:
Here, i 0 is the harmonic vibrational frequency of the ith mode, ii 0 is the anharmonicity constant, and n is the vibrational quantum number. ⌬G plots for series I and II are shown in Fig. 4 . The anharmonicity constants determined from the slopes are −0.82 and −8.28 cm −1 for series I and II, respectively. Since a stretching mode is usually more anharmonic than a bending mode, it seems to be reasonable to assign series II with a larger anharmonicity constant to 8
n . This is the rationale for the previous assignment of the peaks at 292 and 413 cm −1 to 9 1 
D. Dissociation dynamics
We have been proceeding under the hypothesis that C 2 H 3 + detected in this work is formed in X after rapid B → X internal conversion of photoexcited C 2 H 3 Br + . If the intramolecular vibrational redistribution in the ground state occurs very rapidly as is usually assumed, the dissociation rate constant and the lifetime in the ground state will be reasonably well described by the RRKM theory. There is another lifetime involved in the observed reaction, namely, the lifetime in B . The latter lifetime could not be measured from peak widths in the MATI-PDY spectrum because the rotational resolution could not be achieved. The lower limit of the lifetime in each peak can be estimated from its FWHM. For example, the lower-limit lifetime of the zero-point level in B estimated from 2.2 cm −1 FWHM of the 0-0 band is 1.2 ps. The radiative lifetime will be the upper limit of the lifetime in B . The upper limit evaluated with the oscillator strength obtained by TDDFT/B3LYP is 100 ns.
As an attempt to further investigate the dissociation process, we measured the TOF profiles of the product ion at several PD laser polarization angles with respect to the TOF axis. TOF profiles measured at various peaks appearing in Fig. 2 were nearly the same. TOF profiles obtained at 489.0 nm ͑2.536 eV, 2240 cm −1 in vibrational energy͒ with 0°and 90°polarization angles are shown in Fig. 5 . Those obtained at other angles were redundant for the present purpose. Also shown in the figure are the profiles obtained at 465.0 nm ͑2.666 eV, 3293 cm −1 in vibrational energy͒, where the MATI-PDY spectrum is structureless. These profiles were analyzed following the method described previously. 34 Distributions of the kinetic energy release ͑T͒ and the anisotropy parameter ͑␤͒ ͑Refs. 42 and 43͒ thus obtained are shown in Fig. 6 . The average values of T and ␤ determined from the distributions are 0.052± 0.03 eV and 0.065± 0.03, respectively, at 489.0 nm and 0.054± 0.03 eV and 0.49± 0.1, respectively, at 465.0 nm. The average T increases a little as the internal energy increases from 2.536 to 2.666 eV, in qualitative agreement with the statistical picture for the reaction. In contrast, change in the average ␤ is dramatic, as manifested in TOF profiles with 90°polar-ization angle also. At all the peaks in Fig. 2 , average ␤ remained small even though it increased steadily with the photon energy. It increased more rapidly at larger photon energy than shown in the figure, eventually becoming around 1.0. Referring to the calculated values of ␤ in Table I , large positive ␤ observed is compatible with the transition to B , not to Ã or C . This confirms our postulation that the direct excitation to Ã or C is not important. This is also in agreement with the very small oscillator strengths calculated for these transitions. The C state might still participate in dissociation at high vibrational energy if C ← B internal conversion effectively competes with B → X and if dissociation in C occurs repulsively. We could not determine by quantum chemical calculation whether C was a repulsive state. If repulsive dissociation in C occurred, abrupt changes in T and ␤ might be observed near the C state onset. We did not see such changes in the experimental data. Hence, we conclude that the observed photodissoiation occurs via B → X internal conversion followed by dissociation in X .
The gradual increase in ␤ with the photon energy suggests that competition occurs between rotational averaging and decay dynamics in the experimental energy range. 44, 45 To investigate which of the two steps in the proposed mechanism, B → X internal conversion and dissociation in X , is rate determining, we estimated the rotational period of the molecule. Taking the rotational temperature of 10 K which is typical for the present supersonic beam condition and the calculated rotational constants of 1.739, 0.144, and 0.133 cm −1 in the ground state cation, the average J value of 5 and then the rotational period of 140 ps were obtained. On the other hand, the RRKM rate constants calculated with the activation entropy of 7 eu at the photon energy corresponding to the B state onset ͑2.2578 eV, 549.1 nm͒ and at 2.536 eV ͑489.0 nm͒ are 1.1ϫ 10 9 and 1.9ϫ 10 10 s −1 corresponding to the dissociation lifetimes of 630 and 37 ps, respectively. Namely, complete rotational averaging is not expected in contradiction with the isotropic profiles observed, suggesting that the overall dissociation occurs more slowly than statistically expected at these energies. This is all the more surprising because C 2 H 3 Br + in the ground state was found to dissociate statistically. 46 The only plausible explanation seems to be that B → X internal conversion is rate determining such that photoexcited C 2 H 3 Br + remains in B as long as several hundred picoseconds. Then, the width of each peak in MATI-PDY would be mostly due to the rotational structure. At larger photon energy, internal conversion must get faster as indicated by structureless spectral pattern, which results in anisotropic TOF profiles as observed at 465.0 nm.
V. CONCLUSION
A vibrational spectrum of vinyl bromide cation in the B state was obtained by measuring the photodissociation yield of the ground state cation generated by MATI. The spectral resolution in this MATI-PDY spectrum was far better than that in MATI. The present method opens a new way to record a vibrational spectrum for a cation in a bound excited electronic state. This includes excited states formed by elevation of an electron from an occupied orbital to an unoccupied orbital, which are difficult to access by conventional means. The present technique may also allow acquisition of rotationally resolved spectra for excited state cations, which is not possible by conventional MATI. The fact that MATI can be used in combination with PDY is an important advantage of MATI over ZEKE. However, this does not mean that MATI can replace ZEKE in all studies on cations because ZEKE has its own advantages such as in high resolution spectroscopic studies of the ground state cations and in ion-electron coincidence studies.
One of the main hypotheses in theory of mass spectra is that all the intramolecular relaxation processes occur faster than actual dissociation. The present finding for vinyl bromide cation is in contradiction with this hypothesis. Here, internal conversion is the rate-determining step in dissociation from the B state. Similar situation may be found for other cations also.
Finally, vibrational frequencies and Franck-Condon factors calculated at the TDDFT level were not adequate for spectral assignment. Present spectroscopic data can be a useful benchmark in developing reliable quantum chemical methods for excited state calculations.
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